


Review of 
Clinical Pharmacology 
and Pharmacokinetics 

INTERNATIONAL EDITION 

 
EDITORS-IN-CHIEF: Prof. STAVROS T. PLESSAS, M.D. and Dr CHARALAMPOS T. PLESSAS 

EDITORIAL BOARD 

Prof. FRAGISKI ANTHOULI-ANAGNOSTOPOULOU (Athens) 
Assoc. Prof. EUTYCHIA ASPRODINI (Larissa) 
Dr ANTHONY AVGERINOS (Athens) 
Assist. Prof. FOTOULA BABATSIKOU-KOUTI  (Athens) 
Dr CORINNE A. BENAKIS (Geneva) 
Assist. Prof. EVDOKIA BILLIS (Patras) 
Prof. ZOE PAPADOPOULOU-DAIFOTI (Athens) 
Assoc. Prof. ANNA DELTSIDOY (Athens) 
Prof. YVONNE DIMOULA (Athens) 
Assist. Prof. MARIANNA DIOMIDOUS (Athens) 
Prof. CHRISTODOULOS FLORDELLIS (Patras) 
Prof. GEORGE GIOFTSOS (Lamia) 
Prof. ACHILLEAS GRAVANIS (Heraklion) 
Assoc. Prof. ANASTASIA KANELLOU (Athens) 
Prof. GEORGE KARAKIULAKIS (Thessaloniki) 
Prof. KONSTANTINOS KALLARAS (Thessaloniki) 
Assoc. Prof. THEOFANIS KATOSTARAS (Athens) 
Prof. VASSILIKI KEFALA (Athens) 
Prof. HELEN KINTZIOU (Athens) 
Prof. BASILE KOKKAS (Thessaloniki) 
Prof. THEODOROS KONSTANTINIDIS (Alexandroupolis) 
Assoc. Prof. ERIETTA KOURTI (Athens) 
Prof. CHARILAOS KOUTIS (Athens) 
Prof. DIMITRIOS KOUVELAS (Thessaloniki) 
Assoc. Prof. CHARIS LIAPI (Athens) 
Prof. JOHN MANTAS (Athens) 
Prof. MARIOS MARSELOS (Ioannina) 
Assist. Prof. CHRISTOS MASOUROS (Chalkis) 

Dr ELISABETH-ADAMANTIA MASOUROU (Athens) 
Prof. JOHN MATSOUKAS (Patras) 
Prof. THOMAS MAVROMOUSTAKOS (Athens) 
Prof. GEORGE PANAYIOTAKIS (Patras) 
Prof. MARIA PAPADIMITRIOU (Patras) 
Prof. KOSTAS PAPADOPOULOS (Thessaloniki) 
Dr PAUL C. PAPADOPOULOS (Thessaloniki) 
Prof. PARASKEVI PAPAIOANNIDOU (Thessaloniki) 
Dr NIKI GEORGATOU-PAPAGEORGIOU (Athens) 
Prof. ANDREAS PAPAPETROPOULOS (Patras) 
Assist. Prof. PANAYOTIS PLESSAS (USA) 
Prof. AGAPIOS PETRIDIS (Athens) 
Prof. GEORGE POLICHRONOPOULOS (Athens) 
Prof. EVANGELIA PROTOPAPA (Athens) 
Prof. VASILIKI SAKELLARI (Lamia)  
Prof. NΙΚOS SAKELLARIDIS (Larissa) 
Prof. NIKOLAOS M. SITARAS (Athens) 
Prof. GREGORY SKALKEAS (Athens) 
Assist. Prof. NIKOLAOS D. THALASSINOS (Athens) 
Assoc. Prof. HELEN THEODOSOPOULOU (Athens) 
Prof. GEORGE TOLIS (Athens) 
Prof. ASTERIOS TSIFTSOGLOU (Thessaloniki) 
Prof. MARIA MIRONIDOU-TZOUVELEKI (Thessaloniki) 
Prof. ZAMPIA VARDAKI (Athens) 
Prof. MARIA VENETIKOU (Athens) 
Assoc. Prof. ATHANASIOS ZISIMOPOULOS (Alexandroupo-
lis) 
Assoc. Prof. ANDREAS YIACOUMETTIS (Alexandroupolis) 

 
Articles published in this Journal are Indexed or Abstracted in: 
• Chemical Abstracts   • Elsevier' Bibliographic Databases: Scopus, EMBASE, EMBi ology, 

Elsevier BIOBASE • SCImago Journal and Country Rank Factor 

Further informations regarding the Journal can be s een in the web address: 
http://pharmakonpress.gr 

 
 



50     REVIEW OF CLINICAL PHARMACOLOGY AND PHARMACOKINETICS, INTERNATIONAL EDITION   2013 

 

Review of Clinical Pharmacology and Pharmacokinetic s 
INTERNATIONAL EDITION 

� 

Published three times a year by PHARMAKON-Press  
Publisher Responsible According to the Law 

Helen S.  Plessa  
9A Kanari str., GR-1532, Nea Penteli, Athens, Hellas 

Tel.- Fax 00302109756332 
Email: splessas@otenet.gr & stplessas@hotmail.com 

 

Τετραµηνιαία Έκδοση από την ΦΑΡΜΑΚΟΝ-Τύπος 
Ιδιοκτήτης-Υπεύθυνος κατά το Νόµο Ελένη Πλέσσα του Σταύρου 

Κανάρη 9Α, GR-15232, Νέα Πεντέλη, Αθήνα, Ελλάς 
Τηλ.- Fax 00302109756332 

Email: splessas@otenet.gr & stplessas@hotmail.com 

 

� 

EDITORS-IN-CHIEF 
Professor Stavros T. Plessas MD, Tel./Fax 00302107700663 

Email: splessas@otenet.gr & stplessas@hotmail.com 
Dr Charalampos T. Plessas, Tel. 00302107778101 

Email: lplessas@otenet.gr & charalampos.plessas@gmail.com 

ΕΚ∆ΟΤΕΣ 

Καθηγ. Ιατρός: Σταύρος Τ. Πλέσσας, Τηλ.-Fax 0030 2107700663 
Email: splessas@otenet.gr & stplessas@hotmail.com 
∆ρ Χαράλαµπος Τ. Πλέσσας: Τηλ. 00302107778101 

Email: lplessas@otenet.gr & charalampos.plessas@gmail.com 

� 

Original Papers, Review Articles, as well as short preliminary communications will be 
considered for publication and should be send to the Editors-in Chief 

Πρωτότυπες Ερευνητικές Εργασίες, Άρθρα Επισκόπησης και Ενηµέρωσης, καθώς και 
Κλινικές Μελέτες µε άµεση σχέση το Φάρµακο και τη Θεραπευτική πρέπει να 

αποστέλλονται στους Εκδότες 
 
� 

Online ISSN 1011-6583 
 

Articles published in this Journal are Indexed or Abstracted in: 
• Chemical Abstracts • Elsevier’s Bibliographic Databases: Scopus, 

EMBASE, EMBiology, Elsevier BIOBASE • SCImago Journal and Coun-
try Rank Factor  

 



14th CONFERENCE MEDICINAL CHEMISTRY: DRUG DISCOVERY AND DESIGN, PATRAS, HELLAS     51      

 

VOLUME 27 � 2013 No 2 
CONTENTS 

 
J. M. MATSOUKAS……………………………………………55 
Letter from the Guest Editor 

A. YONATH…………………………………………………….57 
From basic research to advanced antibiotics 

J. M. MATSOUKAS……………………………………………58 
New directions in the immunotherapy of multiple sclerosis: 
Myelin epitopes conjugated with mannan 

T. CHRISTOPOULOS………………………………………...59 
Graphene: A fruitful encounter 

M. CHATZOPOULOU, V. J. DEMOPOULOS………………60 

Towards efficient non-anionic aldose reductase inhibitors 

A.-V. FERLEMI, O. E. MAKRI, M. MARGARITY, C. D. 
GEORGAKOPOULOS, F. N. LAMARI………………………61 
Effects on oxidative status of lenses and brain areas of 
developmental rats during cataractogenesis using sodium 
selenite and of co-administration of blueberry leaves extract 

A. TAPEINOU, K. KYRTATA, M. ANDROUTSOU, T. 
TSELIOS……………………………………………………….62 
Design and synthesis of immunodominant MOG epitopes of 
myelin using microwave synthetic protocols, conjugated with 
mannan: Confirming of the coupling reaction by SDS-Page 
electrophoresis 

S. KOUVARITAKI, P. PAPASPYRIDAKOU, S. PANTELIOU, 
C. KONTOYANNIS, M. ORKOULA………………………….63 
Study of collagen's thermal hydrolysis using Raman 
spectroscopy 

M. SARGIANOU, G. PANOS, C. GOGOS, A. PAPA……...64 
Crimean-Congo hemorrhagic fever virus and hantaviruses: 
Seroprevalence and risk factors in humans in Achaea, 
Western Greece 

A. PEPERIDOU, D. HADJIPAVLOU-LITINA, C. KONTOGI-
ORGIS, V. KALAMARA-TSAMBIKA, D. KAPOUKRANI-
DOU....................................................................................66 
Combining cinnamate and paracetamol in a hybrid molecule 
with antiinflammatory and analgecic activity: A phar-
macochemical study  

P. PAPASPYRIDAKOU, D. PAPACHRISTOU, P. MEGAS, 
C. KONTOYANNIS, M. ORKOULA.....................................67 
Chemical mapping of human meniscus using micro-RAMAN 
Spectroscopy 

D. PAPADOPOULOU, A. BIRMPA, A. KOKKINOS, A. VAN-
TARAKIS……………………………………………………….68 
Study of disinfection of water of swimming tanks using alter-
native technologies in pilot model 

E. NEROUTSOS, E. ARCHONTAKI, A. DOKOUMETZIDIS, 
G. VALSAMI……………………………………………………69 
Development and validation of a sensitive and reliable 
HPLC-UV method for the determination of Busulfan in hu-
man plasma to be used for dose individualization 

A. MYXAKI, M. APOSTOLIDI, D.J. VOURTSIS, C.T. CHAS-
APIS, C. STATHOPOULOS, D. BENTROP, G.A. SPYROU-
LIAS…………………………………………………………….70 
Analysis and assignment of 3D heteronuclear NMR spectra 
of the dictyostelium discoideum lupus antigen protein N-
RRM domain  

M. MICHALATOU, M.-E. ANDROUTSOU, T. TSELIOS, P. 
KATSOUGRAKI, G. AGELIS, D. VLAHAKOS, J. MATSOU-
KAS……………………………………………………………..71 
Transdermal delivery of AT1 angiotensin II receptor antago-
nists 

V. MERTZIANI, D. TSIGRIMANI, C. POTAMITIS, P. COR-
DOPATIS, M. ZERVOU, V. MAGAFA………………………72 
Design, synthesis and solution conformational studies of 
new analogues of χ-conopeptide MrIA  

E. MAVRIDIS, D. HADJIPAVLOU-LITINA………………….73 
Design, synthesis and biological evaluation of 5(4H)-
oxazolones  

G. MANIKA, C. KONTOYANNIS…………………………….74 
Investigating the amorphous formation of active pharmaceu-
tical ingredients through complexing with resins using XRD, 
DSC, IR and Raman Spectroscopy 

D. LYKOURAS, V. APOLLONATOU, T. TSELIOS, M.-E. 
ANDROUTSOU, A. GIANNOPOULOS, A. VOULGARIDIS, 
N. MPARAMPATIS, P. KITROU, F. SAMPSONAS, J. MAT-
SOUKAS, K. KARKOULIAS, G. PANAYIOTAKOPOULOS, 
K. SPIROPOULOS……………………………………………75 
Levels of Linezolid in pleural fluid - exudates 

T. LIARGKOVA, D. HADJIPAVLOU-LITINA………………..76 
Design, synthesis and biological evaluation of enonic com-
pounds 

O. N. KOSTOPOULOU, G. E. MAGOULAS, D. PAPAIOAN-
NOU, D. L. KALPAXIS………………………………………..77 
SAR-analysis of chloramphenicol dimers 

M. KONSTANTINIDOU, C. KONTOGIORGIS, D. HADJI-
PAVLOU-LITINA……………………………………………..78 
Design and synthesis of acrylic acid derivatives  

E. KOULOURIDI, V. MAGRIOTI, G.KOKOTOS, T. MA-
VROMOUSTAKOS……………………………………………79 

In Silico screening for new inhibitors of human cytosolic 
phospholipase cPLA2 and molecular docking experiments  

C. KOUKOULITSA, C. KONTOGIORGIS, D. HADJIPA-
VLOU-LITINA, T. MAVROMOUSTAKOS…………………..80 
In Silico studies of 3-aryl-coumarins as MAO-B receptor 
inhibitors 

G. KORDOPATI, T. TSELIOS, T. MAVROMOUSTAKOS, S. 
GOLIC GRDADOLNIK, G. TSIVGOULIS............................81 
Synthesis and 2D NMR studies of a β-cyclodex-trin/LHRH 
analogue conjugate 



52     REVIEW OF CLINICAL PHARMACOLOGY AND PHARMACOKINETICS, INTERNATIONAL EDITION   2013 

 

N. KONTAXIS, D. ANAGNOSTOPOULOS, N.-S. KOULA-
KIOTIS, C. TESSEROMATI, A. TSARBOPOULOS, F. LA-
MARI……………………………………………………………82 
Method development for isolation and analysis of the com-
ponents of the Hypericum perforatum Oil 

P. KOLOKOTRONI, D. NTOUNTANIOTIS, J. BALDUS, C. 
GLAUBITZ, T. MAVROMOUSTAKOS………………………83 
Exploring the molecular basis of interactions of Candesartan 
Cilexetil (TCV-116) in lipid bilayers using 1H and 13C 
CP/MAS solid state NMR spectroscopy 

D. KOKKINOU, G. OIKONOMOPOULOU, M. LIGA, E. 
TRAINTAFYLLOU, J. A. BARRETT, A. SPYRIDONIDIS…84 
Primed T cells with low dose of human recombinant inter-
leukin-2 (hrIL2) display reduced alloproliferative capacity in 
vitro 

T. KELLICI, V. MAGRIOTI, G. KOKOTOS, T. MAVRO-
MOUSTAKOS………………………………………………….85 
Identification of novel selective MAGL inhibitors using phar-
macophore models and molecular docking 

E. KAMILARI, C. KONTOYANNIS, F. LAMARI, M. ORKOU-
LA……………………………………………………………….86 
Study of GAG-collagen interactions using micro-Raman 
spectroscopy 

S. VASILAKAKI, C. KOUKOULITSA, E. BARBAGIANNI, T. 
MAVROMOUSTAKOS, G. KOKOTOS……………………...87 
In silico studies of the inhibition properties of GK241 and its 
analogues against secretory phospholipase sPLA2 GIIA 

V. ARGIROPOULOU, C. GEORGIOU………………………89 
A novel methodology for the quantification of carbonyls as 
an indicator of protein peroxidation in organisms  

 



14th CONFERENCE MEDICINAL CHEMISTRY: DRUG DISCOVERY AND DESIGN, PATRAS, HELLAS     53    

 

 

GENERAL INFORMATIONS 
 
 

REVIEW OF CLINICAL PHARMACOLOGY 
AND PHARMACOKINETICS  
INTERNATIONAL EDITION 

 
The Journal aims to promote optimum drug ther-
apy by providing original papers and review arti-
cles covering important aspects of clinical and 
applied Pharmacology and Therapeutics. The 
focus of the Journal comprises drug evaluation 
reviews, which provides a detailed focus on dif-
ferent properties, i.e. dosage, toxicology, drugs 
interactions and place in therapy of both newer 
and established drugs. Other Review Articles 
offer state-of-the-art literature surveys covering 
broader topics. Practical Therapeutics Articles 
and Leading Articles provide recommendations 
for specific situations of connections or emerging 
areas, respectively. 
   The Journal publishes, in special issues, pa-
pers presented at: 
- the Conferences with International Participation 
Medicinal Chemistry: Drug Discovery and Design 
organized by the Departments of Chemistry and 
Pharmacy of the University of Patras, Hellas     
- the Panhellenic Congresses of Pharmacology 
organized by the Hellenic Society of Pharmacol-
ogy 
 
   The scientific standard of the papers, which are 
accepted for publication, is controlled by the Edi-
torial Board or by other Experts in the various 
fields of Pharmacology, Pharmacokinetics and 
Thepapeutics. 

 
INSTRUCTIONS TO AUTHORS 

 
English is the preferred language for all papers. 
However, papers in French, German or other 
European languages can also be submitted, pro-
vided they are accompanied by an English sum-
mary  

FORMAT: Summary, Introduction, Materials and 
Methods, Results, Discussion Acknowledge-

ments and References 

   Manuscripts: These should mention, on the first 
page, the Title, Author(s) and the Name of the 
Institution at which the work was done. The com-
plete address of the author, including Postal area 
code number, should be given under the rubric 
Send reprint requests to. Papers should follow 
the general form: Introduction, Materials and 
Methods, Results, Discussion and References. 
Drugs must be referred to by their generic or 
chemical name, but may be identified by trade 
name in parenthesis or o footnote. All papers 
should be submitted in duplicate. 

   Summary: A summary in English (maximum 
length 200 words) must accompany all manu-
scripts. 

   Key words: A list of key words should be sub-
mitted, after summary 

   References: These should be numbered in the 
paper and listed under References in order of 
their appearance in the text. The author(s) sur-
name followed by the initials should be given first, 
then the complete title of the article, the name of 
the Journal or Magazine (abbreviated according 
to the Index Medicus), the volume number, page 
numbers and year of publication in parenthesis. 

 
� 

COPYRIGHT: No part of this publication may be 
reproduced or transmitted in any form or by any 
means, electronic or mechanical, including pho-
tocopy, recording or any information storage and 
retrieval system without permission in writing 
from the publisher. 

 

 
 
 

 
 
 
 
 





 
 

 
 
 

Letter from Guest Editor 
 

Medicinal Chemistry Graduate Program 
Drug Discovery and Design: 

A Program of Excellence 
 

The Medicinal Chemistry Graduate Program Drug Discovery and Design 
of the University of Patras has completed its 16th

 year of operation. The 
Program, a joint collaboration of the Departments of Chemistry, Medicine 
and Pharmacy, has been successful with outstanding research and aca-
demic activities in the field of Medicinal Chemistry. The Program has at-
tracted the interest of world leading scientists for participation and re-
search collaboration. Each year a distinguished scientist is honored for 
his/her contribution to Biomedical Research and Science. 

So far the Program has honored outstanding scientists in the field: Ada 
Yonath, Nobel in Chemistry (2013); Kleomenis Barlos (2012); James D. 
Watson, Nobel in Medicine and Physiology (2011); Andrew V. Schally, 
Nobel in Medicine and Physiology (2010); Dimitrios Nanopoulos (2009); 
Jean-Marie Lehn, Nobel in Chemistry (2008); Kyriakos Nikolaou (2007); 
Aristidis Patrinos (2006); Charalambos Gavras (2005); Konstantinos Se-
keris (2004); Michael Maragoudakis (2003); Chris Platsoukas (2002); 
Athanasios Giannis (2001); Vasso Apostolopoulou (2000). 

The 14th Medicinal Chemistry Conference, in co-organization with the 2nd 
Seedrug Workshop, was held in the Cultural and Conference Center of 
the University of Patras on May 13-15, 2013. The Guest of Honors were 
Ada Yonath, Professor of Biology, Nobel in Chemistry and Professor 
Stamatis Krimizis, Head of the National Council of Research and Devel-
opment (ESET). The title of Professor Ada Yonath’s Lecture was From 
Basic Research to the New Generation Antibiotics, and of Professor 
Krimizis were Excellence and Innovation in Greek Universities and Re-
search Institutes and The Odyssey of the 50-year Exploration of the Solar 
System. Professor Yonath was honored by the Departments of Pharmacy 
and Biology of the University of Patras with the title of Doctor Honoris 
Causa. 

The main research interests of the Program are focused on the Organic 
and Peptide Synthesis of Biomolecules, Rational Design with Aided Com-
puter and Modeling Methods, Biological Evaluation in vivo and in vitro, 
Molecular Biology, Molecular Medicine, Toxicology, Biochemical Ana-
lysis, Pharmacognocy, Pharmacokinetics, Research Methods. The Pro-
gram has organized, since 2000, fourteen Conferences with International 
Participation. 

Over two hundred and fifty students have graduated so far from the Pro-
gram with MSc and PhD Degrees. The Program provides highly trained 
students to the benefit of the European Economy and Society. Emphasis 
is given to applied pharmaceutical research. Innovative Products and 
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methods from the graduate students are published annually in high stand 
Journals. Graduate Research is the Key for Progress and Development 
in European and Worldwide dimension. The Program has been evaluated 
as a Centre of Excellence in Greece for its outstanding academic activi-
ties. The Program is an example of Excellence in the country, relating 
basic research with applied. It is the first graduate program in Greece, la-
beled by the title Euromaster, after evaluation by the ECTN Association. 

The Guest Editor, on behalf of the Postgraduate Program Committee, 
wishes to express his deep appreciation to all contributors of this Issue. 
We also thank the Editorial Board of Review of Clinical Pharmacology 
and Pharmacokinetics, in particular Journal Editors Prof. S. T. Plessas 
and Dr C. T. Plessas for the invitation and for providing the suitable and 
high-stand forum through which important findings of this research will 
become available to the scientific community. 

 
The Guest Editor 

John M. Matsoukas 
Professor of Chemistry, University of Patras, Greece 

Medicinal Chemistry: Drug Discovery and Design 
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From Basic Research to Advanced Antibiotics 
Ada Yonath 
Department of Structural Biology, Weizmann Institute, Rehovot 76100, Israel 

Key words: Antibiotics, ribosomes, basic research 

 
   Ribosomes are the universal cellular appa-
ratuses that translate the genetic code into pro-
teins. Composed of proteins and RNA, among 
which the RNA moieties perform almost all func-
tional tasks, they posses spectacular archi-
tecture accompanied by inherent mobility that 
facilitate their smooth and efficient performance. 
The stunning level of conservation of a pocket-
like region containing the site for peptide bond 
formation hints that a remnant of a prebiotic 

bonding entity is functioning in the contemporary 
ribosomes. 
   Owing to their fundamental role, ribosomes are 
targeted by many antibiotics, each paralyzing the 
ribosomes by binding to a specific functional site. 
Their binding modes, inhibitory action and syner-
gism pathways have been elucidated. The 
mechanisms leading to bacterial resistance to 
ribosomal antibiotics and issues concerning the 
ways towards combating the resistance will be 
discussed. 
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New Directions in the Immunotherapy of Multiple 
Sclerosis: Myelin epitopes conjugated with Mannan 
John M. Matsoukas 
Department of Chemistry, University of Patras, GR-265 00, Patras, Greece, Eldrug S.A. 
Pharmaceutical Company 

Key words: Multiple sclerosis, immunotherapy, myelin epitopes, mannan, new directions 

 
   This communication highlights new directions in  
the research for treating Multiple Sclerosis. The-
rapeutic approaches for multiple sclerosis, in-
volve the design and use of peptide analogues of 
disease-associated myelin epitopes to induce 
peripheral T cell tolerance or the use of immuno-
therapeutic techniques to develop Th1/Th2 re-
sponses followed by release of appropriate cyto-
kines. Immunodominant Epitopes MBP83-99, 
PLP139-151, MOG35-55 of human proteins 
MBP, PLP, MOG of myelin sheath have been the 
tools in our laboratories in Patras for the Design 
Synthesis and Preclinical Evaluation of our ra-
tionally designed linear and cyclic analogues con-
jugated to mannan via [Lys-Gly] bridge. Specific 
analogues have been found to immune rats ren-
dering them potential therapeutic vaccine drugs 
in the Immunotherapy of Multiple Sclerosis. Fur-
thermore, our cyclic MBP83-99 peptides, for the 
first time to be reported as HLA and MHC binders 
and more stable compared to linear counterparts, 

possess a series of important immunomodulatory 
properties rendering them as putative drugs for 
treating multiple sclerosis and potentially other 
Th1 mediated autoimmune diseases. In the light 
of the results and findings in our research, the 
main immunodominant peptides MOG35-55, 
PLP139-151 and MBP83- 99 and their head to 
tail cyclic counterparts conjugated to reduced 
mannan have been selected for further investiga-
tion. Currently, we are investigating linear and 
cyclic analogues conjugated to mannan in oxi-
dized (OM) or reduced (RM) forms via Lys-Gly 
bridge. Specific analogues in a number of pre-
liminary vaccination and therapeutic protocols 
have shown interesting properties as potential 
vaccine drugs in the treatment of Multiple Sclero-
sis. A potent MOG35-55 analogue conjugated 
with Mannan has been selected for toxicology 
evaluation and development towards Clinical 
trials. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



14th CONFERENCE MEDICINAL CHEMISTRY: DRUG DISCOVERY AND DESIGN, PATRAS, HELLAS     59 

 

REVIEW CLINICAL PHARMACOLOGY AND   
PHARMACOKINETICS INTERNATIONAL 
EDITION 27: 59 (1013) 
PHARMAKON-Press 
 
 
 
 
 
 
 

DNA and Graphene: A Fruitful Encounter 
Theodore Christopoulos 
Professor, Department of Chemistry, University of Patras, GR-265 00, Patras, Hellas 

Key words: DNA, analysis, graphene 

 
   DNA analysis has found a wide spectrum of 
applications including pharmacogenetics, de-
tection of mutations, detection of various patho-
gens, diagnosis and monitoring of disease. The 
progress in this field is remarkable. Indeed, for 
many years, these analyses required tedious and 
time consuming procedures based on radioactive 
isotopes. On the contrary, DNA biosensors are 
small and portable devices that enable simple, 
rapid and low cost DNA analysis without the need 
of radioactivity. Graphene is a one-atom-thick 
sheet of carbon atoms ordered in a two-di-

mensional honeycomb structure that exhibits 
remarkable electrical, mechanical and optical 
properties. Graphene oxide (GO)-based biosen-
sors exploit the preferential interaction of GO with 
single-stranded DNA, over double-stranded DNA, 
and the fact that GO is an excellent acceptor for 
fluorescence resonance energy transfer. Gra-
phene is also an excellent electrical conductor, 
and its use opens the door for the development of 
devices suitable for DNA sequencing. 
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Towards Efficient Non-Anionic Aldose Reductase In-
hibitors 
Maria Chatzopoulou, Vassilis J. Demopoulos 

Department of Pharmaceutical Chemistry, School of Pharmacy, Aristotle University of 
Thessaloniki, 54124 Thessalonikι, Hellas 

Key words: Aldose reductase, inhibitors, non-anionic, efficient 

 

 
Aldose reductase’s (ALR2) involvement on the 
onset and progression of diabetes secondary 
complications has grown attention over the years, 
and moreover, recent evidence point towards 
ALR2’s implication in inflammatory pathologies 
(1,2). As such ALR2 comprises a compelling tar-
get for medicinal chemistry. In the plethora of 
aldose reductase inhibitors (ARIs) synthesized so 
far two categories are the most studied, namely 
that of cyclic imides and carboxylic acid de-
rivatives. However, a number of cyclic imide de-
rivatives emerged with acute side effects and 
carboxylic acids presented with poor membrane 
penetration (2). In our previous work we found 
out that derivatives of 2-fluorophenol3 could act 
as micromolar ARIs. Particularly active was a bis-

substituted derivative bearing the trifluoroacetyl 
moiety. In this work we expanded the structure 
activity relationships to find out that a difluoroace-
tyl analogue exhibited submicromolar IC50 (443 
nM) while retaining an optimal physicochemical 
profile, as indicated by molecular obesity indices 
such as LE and BEI. This compound could serve 
as a new lead for a series of ARIs that have op-
timum membrane permeation along with signifi-
cant inhibitory activity. 
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The goal of the present study was to examine the 
effects of the administration of high dosage of 
Na2SeO3, that is a rather common model for the 
induction of cataractogenesis via increased oxi-
dative stress, as well as the effects of the coad-
ministration of Na2SeO3/aqueous extract of blue-
berry leaves on the oxidative status of develop-
mental rat lenses. Concurrently, the effects on 
important cerebral regions of these rats were 
studied for the first time. Developmental Wistar 
rats were randomly divided in three groups: Se 
(20 µmol Na2SeO3/kg subcutaneously - post natal 
(PN) day 10), SeBbL (20 µmol Na2SeO3/kg sub-
cutaneously - PN day 10/100 mg dry weight of 
blueberry leaves extract/kg intraperitoneal - PN 
day 11 & 12), control (saline on the respective 
days). On the PN day 21, lenses were examined 
for cataract formation and cortex, midbrain and 
cerebellum were isolated. The activities of cata-
lase, superoxide dismutase, glutathione peroxi-
dase, the concentration of GSH, GSSG 

(GSH/GSH + GSSG) and the levels of lipid per-
oxidation (MDA, malonyldialdehyde) were deter-
mined in lenses and in cerebral regions. The re-
sults show that the administration of high concen-
tration of Na2SeO3 induces cataractogenesis 
through significant changes of all the antioxi-
dant/oxidant indices, whereas the coadministra-
tion of blueberry leaves protects the lenses from 
the oxidative changes. The cerebral regions re-
spond with different pattern; the high/toxic dose 
of Na2SeO3 causes significant increase (< 20%) 
of lipid peroxidation in cortex and midbrain of the 
developmental rats, whereas the cerebellum is 
less vulnerable. Blueberry leaves coadministra-
tion protects the cerebral tissues from lipid per-
oxidation and activates differential antioxidant 
enzymes (i.e. SOD in cere-bellum, GPx in mid-
brain) indicating tissue-specific effects.  
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Multiple Sclerosis (MS) is a slowly progressive, 
immunologically mediated disease of the central 
nervous system (CNS), characterized by inflame-
mation and demyelination of white matter in the 
brain and spinal cord. MS is generally considered 
to be an autoimmune disease involving CD4+ 
and CD8+ T lymphocytes and B cells. This is 
strongly supported by the strong association of 
the MHC class II gene with disease and the abil-
ity of TH1 and Th17 CD4+ T lymphocytes to drive 
disease in an animal model for MS named Ex-
perimental Autoimmune Encephalomyelitis (EAE) 
(1,2). In this study the synthesis of MOG (Myelin 
Oligodendrocyte Glycoprotein), a myelin protein 
epitope, conjugated with the poly-saccharide 
mannan is reported. Mannan has successfully 
been used as a peptide carrier to mannose re-
ceptor of macrophages and dendritic cells. Cer-
tain experiments have shown that peptides con-
jugated with the oxidized form of mannan induce 
Th1 immune response, while the reduced form of 
mannan induce Th2 immune response (3,4). The 
aim of this study is to change the Th1/Th2 bal-
ance in patients with MS. In particular, the epi-
topes MOG35-35 RAT and MOG35-35 HUMAN, were 
synthesized and they were conjugated with the 
oxidized and reduced form of mannan, using the 
decapeptide (Lys-Gly)5 as a bridge. The synthe-
sis of myelin analo-gues was achieved using mi-
crowave peptide synthesizer (5). The purity of 
final products was verified by RP-HPLC and their 
identification was achieved by ESI-MS. Ana-

logues conjugated to mannan in oxidized and 
reduced form. Conjugation reaction between pep-
tide analogues and mannan was confirmed by 
SDS-PAGE electrophoresis (6). 
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Gelatin is the thermal degradation product of col-
lagen, a highly cross-linked fibrillar protein. Ra-
man spectroscopy was used to study chemical 
and conformational changes of collagen fibers 
associated with heating. Several parts of biogenic 
materials (e.g. human mandibles, human menis-
cus) were analyzed with micro-Raman spectro-
scopy. Spectra were recorded from specimens 
before and after immersing them in water at 45oC 
for 24 hours. In this way, thermal hydrolysis of 
collagen was triggered. After deconvolution of 
bands under the proline-hydroxyproline area 
(830-910 cm-1) a change in the sub-bands was 

observed. Proline and hydro-xylproline comprise 
approximately one-fourth of the amino acids in 
collagen. In the thermally hydrolyzed specimens 
the emergence of a new sub-band at ~865 cm-1 
was observed which was attributed to gelatin. 
Raman spectro-scopy is a technique able to de-
tect changes in the organic matrix of biogenic 
materials due to degradation conditions. 
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   Hantaviruses can cause hemorrhagic fever with 
renal syndrome (HFRS) in Eurasia and Hanta-
virus pulmonary syndrome in the Americas. 
Humans acquire infection after direct contact with 
infected rodents or their excreta, which mostly 
occurs by inhaling virus-contaminated aerosol of 
their excreta (1). In Greece, the predominant 
strain is Dobrava-Belgrade and 1-5 clinical cases 
are being diagnosed annually. After the recent 
diagnosis of a hantavirus case in Achaea (2), the 
present seroepidemiological study was designed 
in order to determine the hantavirus sero-
prevalence in the local population and to assess 
possible factors playing a role in acquisition of 
this viral infection. 
   Crimean-Congo hemorrhagic fever virus 
(CCHFV) cause a hemorrhagic syndrome and 
patients present with fever and non-specific 
symptoms, which often progress to a serious 
hemorrhagic syndrome, with average case fatality 
rate being up to 30% (3). CCHFV is transmitted 
to humans through the bite or crushing of infected 
ticks, and through close contact with the blood or 
tissues of viremic patients or livestock (4). The 
significant presence of human CCHFV antibodies 
among the Greek population, as reported in 
previous studies (5), is contradictory to the low 
number of diagnosed CCHF cases (only one 
clinical case in Rhodope (6). Since this prefecture 

has not been previously studied for CCHFV, the 
aim of the present study was to estimate the 
seroprevalence in humans in an attempt to detect 
possible endemic foci of the virus in a region 
where the local climate, along with the local 
geomorphology and vegetation, potentially favors 
the survival and spread of Hyalomma spp. ticks, 
the most common vector of the virus, and to 
assess possible risk factors for the acquisition of 
CCHFV infection.  
   Between March and July 2012, 207 serum 
samples were prospectively collected from all 5 
municipalities of Achaea. The participants were 
randomly selected among persons without signs 
of infectious disease, referred for routine blood 
testing or for blood donation to Patras University 
General Hospital and to 4 additional primary 
healthcare centers (in Chalandritsa, Kalavryta, 
Kato Achaea and Klitoria). Information regarding 
the virus and the purpose of the present study 
was provided by physicians, and written consent 
was obtained from all participants before 
sampling. A standard questionnaire regarding 
demographics and potential risk factors for the 
two viruses was then completed. 
   Serum samples were tested for hantaviruses 
IgG antibodies and CCHFV IgG antibodies by 
ELISA (Anti-Hanta Virus Pool 1 Eurasia ELISA 
IgG, Euroimmun, Lübeck, Germany and Vector-
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Best, Koltsovo, Novosibirsk, Russia, respec-
tively), according to manufacturer instructions. All 
the ELISA-positive samples were tested for 
CCHFV IgM antibodies by the same commercial 
ELISA. In addition, the ELISA-positive serum 
samples were further tested by indirect immuno-
fluorescent assay (IFA) in order to eliminate 
possible cross-reactions (and to discriminate 
between the CCHFV nucleoprotein-specific (N) 
and the CCHFV glycoprotein Gc-specific (GPC) 
antibodies). The data were statistically analyzed 
using SPSS 20.0 (IBM, Chicago, Illinois, USA) 
and univariate logistic regression analysis was 
performed to calculate the odds ratio (OR) and 
the 95% confidence intervals (95% CI), and to 
identify possible risk factors for the two infections. 
In total, 20/207 (9.66%) tested serum samples 
tested hantaviruses IgG positive, with sero-
positivity rates differing in the municipalities of 
Achaea; in the municipality of West Achaea, a 
local seroprevalence maximum was encountered, 
where 5/27 tested samples were found positive. 
Univariate analysis showed that: age (OR 1.036, 
95%CI 1.011-1.062), peridomestic sighting of 
rodents (in <200m around the place of residence, 
OR 4.538, 95% CI 1.019-20.219) and ownership 
of a storing shed (OR 2.892, 95%CI 1.004-8.327) 
were statistically significant risk factors for 
acquisition of hantavirus infection.   
   As for CCHFV, 7/207 (3.4%) serum samples 
tested CCHFV IgG positive. Seropositive indi-
viduals were encountered in rural areas in 4 of 
the 5 municipalities, most of whom lived in 
Erymanthos, a municipality in central Achaea, 
where 4/27 tested samples were positive (15%). 
Univariate analysis showed that: increased age 
(OR 1.056, 95% CI 1.009-1.104, p=0.018), agro-
pastoral occupation (OR 6.792, 95% CI 1.450-
31.813, p=0.015), contact with sheep (p<0.001) 
and goats (OR 8.190, 95% CI 1.740-38.563, 
p=0.008), former tick bite (OR 9.128, 95% CI 
1.711-48.691, p=0.010), living at an altitude of 
≥400m (OR 17.500, 95% CI 3.221-95.080, 
p=0.001), living on a specific land type (on a non-
irrigated arable land, OR 24.25, 95% CI 1.807-
325.389, p = 0.016, and on a land principally 
occupied by agriculture, with significant areas of 
natural vegetation, OR 24.25, 95% CI 3.399-

173.023, p=0.001) and living in the Erymanthos 
municipality (OR 10.261, 95% CI 2.159-48.767, 
p=0.003) were significantly associated with 
CCHFV seropositivity in Achaea. A statistically 
significant negative association of altitude <80m 
of place of residence with CCHFV seropositivity 
(OR 0.059, 95% CI 0.007-0.498, p=0.009) was 
also found. 
   In conclusion, the current study presents a 
relatively high CCHFV IgG seroprevalence and 
an unexpectedly high hantavirus seroprevalence 
in Achaea prefecture, indicating the circulation of 
the two viruses in the area, and identifies several 
environmental, social and geomorphologic pre-
disposing factors to these infections. Studies in 
ticks and in rodents are needed to identify the 
circulating CCHFV and hantavirus strains in 
Greece respectively, which could lead to a better 
understanding of the ecology and epidemiology 
of these viruses in the country. Clinicians should 
include CCHFV and hantavirus infections in the 
differential diagnosis of acute febrile cases 
accompanied by hemorrhagic manifestations 
and/or renal impairment, especially when the 
patients have an agro-pastoral occupation. 
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Hybrid drugs combine two drugs in a single 
molecule with the goal of creating a chemical 
entity more medically effective than its individual 
components. Today, there is an increased inter-
est in the combination of two pharmaco-phores 
on the same scaffold. Continuing our research in 
the design of antioxidant/anti-inflammatory 
agents based on the α, β unsaturated acids scaf-
fold we synthesized a hybrid molecule by the 
combination of a cinnamic acid  which has been 
found to act as a potential inhibitor of LOX and 
paracetamol, a non steroidal well known analge-
sic drug (1,2). It is widely known that cinnamic 
acid derivatives are interesting from the point of 
biological activities and present particular syn-
thetic interest.  
   The compound has been identified using IR, 
1H-NMR, 13C-NMR and elemental analysis. Lipo-
philicity as Rm values was determined using 
RPTLC. The hybrid molecule has been screened 
for its biological activity in vitro on: a) soybean 
lipoxygenase inhibition, b) interaction with 1,1-
diphenyl-2-picryl-hydrazyl (DPPH) stable free 
radical, c) inhibition of lipid peroxidation and in 
vivo e) for the antiinflammatory and analgesic 
activity and f) on nerve regeneration and func-

tional recovery following peripheral nerve injury 
using a rat sciatic nerve crush model. 
   Our results indicate that this hybrid molecule 
presents potent antioxidant, antiinflammatory 
activity, accelerates functional recovery following 
sciatic nerve crush in the rat and it appears to be 
a promising agent for treating peripheral nerve 
injuries.  
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Meniscus is a fibrocartilagenous formation lo-
cated in the knee joint. Osteoarthritis is a disease 
caused by degeneration of the articular cartilage. 
In the present study, micro-Raman spectroscopy 
was employed in order to study the chemical 
changes induced on human meniscus due to 
osteoarthritis. Collagen type II in healthy condi-
tion was found to gradually give place to type I, 
which, in badly affected parts, prevailed. Different 
types of glycosaminoglycans (GAGs) were also 
traced. In healthy areas, chondroitin sulfate was 

solely identified, while in the osteoarthritic menis-
cus dermatan sulfate and heparan sulfate were 
predominant. Mineral crystals (apatite and cal-
cite) were also spotted in certain cases in the 
meniscus rims. 
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   Swimming pool water disinfection is essential in 
order to minimize the risk of microbiological haz-
ards and to protect swimmers from infection. Tra-
ditionally, chlorine is used to disinfect swimming 
pools. However, it produces residual toxic com-
pounds such as trihalomethanes, haloacetic ac-
ids, which are toxic for the bather’s health. Two 
alternative, promising and environmentally 
friendly disinfection methods are the use of UV 
light and ultrasound. Using UV and US for disin-
fection, lower the cost and chemical usage, lower 
disinfection by-products and provide for less in-
tensive maintenance. 
   The aim of this study was to access the effect 
of the use of UV light and US for disinfection of 
different microorganisms using a laboratory 
swimming pool model which simulated an actual 
swimming pool of Olympics’ dimensions. The 
bacterial strains that were used were Escherichia 
Coli NCTC 9001, Enterobacter Aerogenes NCTC 
10006, Staphylococus Aureus NCTC 6571, Pseu-
domonas Aeruginosa NCTC 10662 and Entero-
coccus faecalis NCTC 775. Ps. Aeruginosa is an 

opportunistic bacterium which can accumulate in 
biofilms and it is very common cause of infection 
problems in swimming pools. S. aureus has been 
used as it is a pathogen causing several health 
problems. E. Coli and E. Aerogenes have been 
used as they are indicators of water quality. The 
reduction of all the microorganisms was effective 
and reached up to 1-3 logs after 6 hours of con-
tinuing UV disinfection apart from Ps. Aeruginosa 
which didn’t show significant reduction. 
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Busulfan is widely used as an alternative to total 
body irradiation (TBI), in the preparative regimens 
before hematopoietic stem cell transplantation 
(HSCT). At 1983 Santos (1) used oral Bu at 1 
mg/kg every six hour for 16 doses in combination 
with cyclophosphamide (Cy) as a preparative 
pattern, for patient with acute muelogenous leu-
kemia (AML) who were undergoing HSCT. Busul-
fan charachterized by big variability. Further-
more, Anderson et al. (2) observed that i.v busul-
fan in 0.8/kg every 6 hours for 16 doses is safer 
than oral Bu. Moreover, Rusell et all. (3) opti-
mized the i.v. administration of Bu at 3.2mg/kg 
once daily for four consecutive days that proved 
to be the safest. However, Bu presents an enor-
mous variability and therefore its administration 
must be individualized. The aim of the present 
work was to develop and validate a simple and 
sensitive RP-HPLC method with UV detection for 
the determination of Busulfan in patient’s plasma, 
ideal for pharmacokinetic studies.  
   1,6-bis-(methanesulfoxul)hexane was used as 
internal standard (IS). Both Busulfan and IS are 
characterized by poor UV absorption. Therefore, 
they were derivatized by sodium diethyldithiocar-
bamate (DDTC). Sample preparation process 
involved the addition of 20 µl of IS to 250 µl of 
control or patient plasma and vortexed for 5 s. 
then busulfan was extracted with 2 ml of ethyl 
acetate. After centrifugation for 5 min at 645 g, 

the supernatant was placed in clear class tubes 
and 120 µl of DDTC were added. The mixture 
was vortexed for 5 s, dried at 60 0C under air 
stream and dissolved in 200 µl of methanol. Fi-
nally, 20 µl were injected into the HPLC system. 
An isicratic elution program was applied on a 
Hypersil BDS RP-C18 column (150×4.6 mm, 5 
µm) attached to a BDS RP-C18 precolumn 
(10×4.6 mm, 5 µm). The mobile phase consisted 
of methanol and water (80:20 v/v) at a flow rate of 
1.0 ml/min. Detection occurred at 251 nm. Finally, 
validation of the developed method was per-
formed on specificity, linearity range, accuracy, 
recovery, precision, stability and limits of detec-
tion and quantification. 
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The Lupus Antigen (La) protein is involved in 
different stages of RNA metabolism. At first, it 
was described as an autoantigen in patients with 
rheumatic diseases of Systemic lupus erythe-
matosus or with Sjogren’s syndrome. The La 
protein contains a La motif (LAM) in the N-
terminal region followed by the RRM (RNA 
Recognition Motif) and an RRM in the C-terminal 
region. 
   The present study, presents the NMR study of 
the N-terminal domain of the La protein from the 
microorganism Dictyostelium discoideum, which 
comprises the LAM along with the NRRM domain 
(a motif that is known to act as a RNA Re-
cognition Motif). NMR study is based on the 2D 
and 3D homo- and hetero-nuclear experiments. 
Through the analysis of these data, the reso-
nances of the 1H/13C/15N nuclei of each in-

dividual residue were identified kai the data 
extracted were sued for the prediction of the 
secondary structure elements, using the software 
TALOS (1) and PECAN (2), both available 
through internet. According to the analysis per-
formed, the LAM exhibit a high content of α-
helical con-formation, while 2 or 3 polypeptide 
segments were predicted to adopt a β-strand 
conformation. On the other hand the NRRM, 
exhibits 2 major and one smaller α-helical 
segment and 4 poly-peptide segments bearing β-
strand conformation. 
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The Renin-Angiotensin System (RAS) plays a 
determinant role in blood pressure regulation and 
in the pathogenesis of hypertension. Losartan 
and Valsartan are two well known orally active 
AT1 antagonists (Sartans). Transdermal drug de-
livery systems (TDDS) are an alterative ther-
apeutic approach and offer pharmacological ad-
vantages compared to the oral route.  
   Our objective was to investigate the in vitro 
transdermal delivery of Losartan and Valsartan in 
human skin using franz cells and several formula-
tions with a variety of enhancers (CPEs). Fur-
thermore, the antihypertensive response of Wis-
tar rats was recorded after 3, 6, 8 and 24h of 
transdermal administration. The results showed 
satisfactory drug release and antihypertensive 
activity even after 24h of administration. In con-
clusion, transdermal administration of Sartans 
may be feasible and appears to be a modern 
alternative route for prolonged activity in anti-
hypertensive therapy.  
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χ-Conopeptide MrIA is a 13-residue peptide 
(NGVCCGYKLCHOC) isolated from the venom of 
marine snail Conus Marmoreus bearing two disul-
fide bonds (C4-C13 and C5-C10) χ-MrIA has been 
found to inhibit the norepinephrine transporter 
(NET) with potential applications in the treatment 
of pain (1). The amidated χ-MrIA (MrIA-NH2) has 
slightly higher affinity at NET compared to the 
native peptide, adopting a ribbon-like fold with a 
β-hairpin linked by a flexible turn between G6 and 
L9 (2). Alanine scan has indicated the residues of 
the turn region as well as H11 to be critical for 
binding to NET (1). Moreover, N-terminal trunca-
tion affects the conformational stability by disrupt-
ing V3-O12 hydrogen bonding (2). SAR studies 
revealed that the replacement of the N1 with py-
roglutamic acid [pGlu] could lead to improved 
chemical stability and increased efficacy and po-
tency rendering Xen2174 ([pGlu1]MrIA-NH2) as a 
lead compound  toward the selective NET inhibi-
tion (3). Inspired by the importance of the N-
terminal residues, we proceeded to the synthesis 
of the χ-MrIA-NH2 and its analogues comprising 
modifications at positions 1 and 3. The analogues 
contain N or pGlu or Sar (N-methyl-alanine) in 
position 1 while position 3 is altered to Gly(tBu) 
(L-α-t-butyl-glycine) or 1-Nal (1-L-naphtylalanine). 
The analogues were synthesized by the 
Fmoc/tBu solid phase methodology (4) utilizing 
Sieber Amide resin as solid support to provide 
the peptidic amide. The formation of disulfide 
bonds was achieved in two steps by oxidation 
with DMSO/H2O (2:8, v/v) and Iodine/AcOH. 

NMR spectroscopy was applied for the sequential 
assignment and the structure elucidation of the 
analogues in DMSO. Experimental NOE data 
were further imposed as distance constraints to 
MD simulations. The aqueous solution NMR 
structure of MrIA-NH2 (2) was used as an initial 
template for the MD studies. The obtained results 
are intended to drive a rational optimization of 
this class of inhibitors. 
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5(4H)-oxazolones are heterocyclic compounds 
having a remarkable number of biological ap-
plications antimicrobial, anticancer, anti-inflam-
matory, analgesic (1), antidiabetic (2) and anti-
tyrisinase and have been demonstrated to be 
very versatile building blocks in organic synthe-
sis, as they contain  numerous reactive sites al-
lowing for a diverse set of possible modifications. 
Their reactivity makes them excellent substrates 
for their use in diverse oriented synthesis. Using 
computer aided drug design and previous bio-
logical data from known 5(4H)-oxazolones we 
designed a series of new derivatives as possible 
inhibitors of lipoxygenase with antioxidant, anti-
cancer and anti-inflammatory activities in vitro. 
The general procedure for the preparation of 4-
(arylidene)-2-(phenyl)-5(4H)-oxazolones includes 
the condensation of aromatic aldehydes and hip-
puric acid with a stoichiometric amount of fused 
sodium acetate in the presence of acetic anhy-
drides as the dehydrating agent, a reaction which 
is known as the Erlenmeyer Plöchl reaction (3). 

The structures of the synthesized compounds 
were confirmed spectroscopically and by elemen-
tal analysis. The compounds were tested in vitro 
for their ability to:  a) inhibit lipid peroxidation of 
linoleic acid, b) inhibit in vitro soybean lipoxy-
genase and c) in vivo for the inhibition of carra-
geenin induced rat paw edema. The results were 
characterized based on the structural characteris-
tics and physicochemical properties of the mole-
cules. 
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The amorphous phase of active pharmaceutical 
ingredients (APIs) is thermodynamically unstable 
and as a result transformation to crystal phases 
takes place during formulation or during the stor-
age period. In cases when it is necessary for the 
API to remain amorphous e.g. when patents are 
involved, complexing the APIs with resins is cho-
sen. Verification of the amorphous complex for-
mation is an interesting analytical problem. The 
APIs Ivabradine HCl and Rasagiline Tartrate 
were complexed with a resin (Amberlite IRP88). 
The successful complexation was tested using 
XRD, DSC, IR and Raman spectroscopy. The 
main goal was to check if the amorphous forma-

tion was indeed a complex of the resin with the 
APIs or if the API became amorphous during the 
complexation attempt but without bonding with 
the resin. Mixtures of resin and API’s (amorphous 
and crystalline) were prepared and compared 
against the complex forms by studying the ther-
mal behavior of the mixtures and the complexes 
(DSC) and by examining the respective IR (ATR) 
and Raman spectra. 
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Lung diseases such as pneumonia are in need of 
antibiotics. In this case, the administrated anti-
biotic should have good bioavailability in the lung 
parenchyma, in order to cure the disease suc-
cessfully. The aim of this study is to examine the 
bioavailability of linezolid in pleural fluid, in order 
to reveal its importance in pleural effusions. 
   We included 7 patients, who were diagnosed 
with a pleural effusion as a result of pneumonia 
(parapneumonic effusion). The patients did not 
suffer from any chronic illness and did not have 
cancer of any type. We performed aspiration of 
the pleural effusion. Moreover, an arterial cathe-
ter was placed in order to take the blood samples 
in particular time points (0, 1.5, 2.5, 4, 6, 9, 12 
hours after the first administration of linezolid IV) 
(1). At the same time points pleural fluid was also 
taken by a thoracic drainage tube which was 
placed for appropriate treatment. The specimens 

were centrifuged immediately and both serum 
and pleural fluid were stored in the freezer (-80 
oC). Linezolid levels are measured with HPLC-
MS technique (2). Analysis showed that these 
effusions are exudative pleural effusions. 
   The specimens were used for pharmacokinetics 
study of linezolid in pleural fluid of patients with 
parapneumonic effusion, process which has not 
been described in literature so far. 
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The enonic group consists the basic structural 
part of a big number of biologically active mole-
cules such as flavonoids and their derivatives.  
Flavonoids display a wide variety of biological 
activities including anti-inflammatory, antioxidant, 
antibacterial, anticancer, antiangiogenic, antima-
larial and antileishmanial activities. The same 
biological activities were reported for other enone 
derivatives, such as chalcones and bis-sub-
stituted chalcone ethers (1,4,5). 
   Using computer aided drug design and previ-
ous biological data from known chalcones and 
flavonoid derivatives we designed a series of 
chalcones and bis-substituted chalcone ethers 
with possible inhibition on lipoxygenase, antican-
cer and anti-inflammatory activities in vivo (2,3,5). 
   Hydroxy-chalcones were synthesized via the 
Claisen-Schmidt condensation reaction between 
4′-hydroxy-acetophenones and appropriately sub-
stituted aromatic aldehydes in basic conditions.  
4’-hydroxy-acetophenone were subjected to eth-
erification and rendered to bis-substituted chal-
cone ethers via the Claisen-Schmidt condensa-
tion with several aldehydes resulted (1,3,4). The 
structures of the synthesized compounds were 
confirmed by spectroscopy and elemental analy-
sis.  
   The compounds were tested in vitro for their 
ability to:  a) scavenge the 1,1-diphenyl-2-picryl-

hydrazyl (DPPH) free radical in different concen-
trations, b) inhibit lipid peroxidation of linoleic 
acid, c) inhibit in vitro soybean lipoxygenase, d) 
interact with glutathione and e) inhibit in vitro 
ACHE.  
   The results were characterized based on the 
structural characteristics and physicochemical 
properties of the molecules. 
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Chloramphenicol (CAM) is a broad spectrum an-
tibiotic. It resembles the 3'-end of aminoacyl-
tRNAs and inhibits protein synthesis by targeting 
the peptidyltransferase center (PTC). Recent 
crystallographic studies in bacteria Deinococcus 
radiodurans, Escherichia coli, and Thermus 
thermophilus showed that CAM binds into the 
hydrophobic crevice of PTC (1). Nevertheless, a 
relative study in Haloarcula marismortui indicated 
that CAM binds at the entrance to the peptide exit 
tunnel (2), while crosslinking experiments sug-
gested that a similar binding site may be present 
in E. coli. (3).  
   To investigate the validity of these data by an-
other approach, we decided to study CAM 
dimers, hoping that they could bind to both sites 
and exhibit superior activity. In silico analysis in-
dicated that the imino groups of two molecules of 
CAM, when bound to the aforementioned sites, 
are separated by a space of 9.8 Å, corresponding 
to 6-7 successive single carbon bonds. There-
fore, we synthesized two dimers, mag234 and 
mag240, in which the CAM molecules were 
separated via a diacyl linker of 6 carbon atoms, 

differing in the flexibilty of the linker. The in-
hibitory impact of these analogs on peptide-bond 
formation was kinetically measured, using a cell-
free system derived from E. coli. Kinetics showed 
that the inhibitory activity of mag234 (Ki

*=1.9 µΜ) 
fell behind those of mag240 (Ki

*=0.3 µΜ) and the 
parent compound (Ki

*=0.9 µΜ). Beyond the im-
portance of our findings in the mapping of the 
PTC, our kinetic results underscore the pivotal 
role of the linker properties in designing CAM 
dimers with improved activity. 
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Compounds bearing the acrylic acid moiety have 
been previously reported to possess promising 
anti-inflammatory and antioxidant activities. Lipoic 
acid is a naturally occurring compound that acts 
as an efficient antioxidant both in vitro and in 
vivo. Due to the fact that hybrid compounds, 
which combine two different pharmacophores, in 
some cases show an enhanced biological activ-
ity, we performed a modeling study on a number 
of acrylic acid derivatives and their lipoic acid 
adducts in order to evaluate the effect of this mo-
dification on the biological activity and to support 
our design.  
   As a biological-target, we have chosen inter-
leukin-6 (IL-6), a pleiotropic cytokine that regu-
lates multiple biological responses including the 
development of the nervous and hemato-poietic 
systems, acute-phase responses in inflammation 
and immune responses (1).  
   Acrylic acids were prepared by Knoevenagel 
condensation (2). The acids were esterified and 
then the aminoamides were undertaken in good 
yields with reflux in toluene. The hybrids were 
synthesized by the aminoamides and the acti-
vated N-hydroxysuccinimidyl-ester of lipoic acid 
(3,4). The compounds have been identified by 
melting points, IR, 1H-NMR, 13C-NMR specta and 
elemental analysis. The results were discussed in 

terms of the structural and physio-chemical prop-
erties of the compounds. 
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In Silico Screening for New Inhibitors of Human Cy-
tosolic Phospholipase cPLA2 and Molecular Docking 
Experiments  
E. Koulouridi, V. Magrioti, G. Kokotos, T. Mavromoustakos 

Laboratory of Organic Chemistry, Chemistry Department, University of Athens, Panepis-
timiopolis, Zografou, GR-157 71, Athens, Hellas 

Key words: Cytosolic phospholipase cPLA2 human, new inhibitors, in silico screening, 
molecular docking experiments  
 

The fundamental function of enzyme cPLA2, is 
torelease arachidonic acid from the phospholipid 
membranes. Arachidonic acid is the precursor for 
the formation of lipid mediators of inflammation, 
including eicosanoids. Therefore, the enzyme is 
an interesting target for biochemical and struc-
tural studies which can lead to a deeper know-
ledge of the treatment of inflammation. 

A pharmacophore model has been created based 
on the ligand-based methodology and the pro-
cess of pharmacophore-based Virtual Screening 
(VS) has been applied to commercially available 
compound libraries. For hits compounds that 
emerged from this process, molecular docking 
experiments have been performed in order to 
investigate their docking scoring. 
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In Silico Studies of 3-aryl-Coumarins as MAO-B Re-
ceptor Inhibitors 
C. Koukoulitsa1, C. Kontogiorgis2, D. Hadjipavlou-Litina2, T. Mav-
romoustakos1 
1Department of Chemistry, University of Athens, Panepistimiopolis, Zographou GR-
15771 Athens; 2Department of Pharmaceutical Chemistry, School of Pharmacy, Aristotle 
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Monoamine oxidase Β (MAO-Β) is an enzyme 
responsible for catalyzing the oxidative deamina-
tion of neurotransmitters such as dopamine, sero-
tonin, and adrenaline. MAO-B selective inhibitors 
represent en effective treatment for relieving 
symptoms resulting from the loss of dopaminergic 
neurons in Parkinson’s disease. 
   In an effort to discover new, more potent, and 
less toxic MAO-B selective inhibitors, the cou-
marin nucleus has emerged as a promising scaf-
fold for MAO inhibitors. Thus, the investigation of 
in silico MAO-B inhibitory activity of twelve 3- 
arylcoumarin analogues has been undertaken.   

   Initially, the BBB (Βlood Βrain Βarrier) penetra-
tion and the Caco-2 permeability of these com-
pounds were predicted using the VolSurf pro-
gram. Moreover, docking calculations with the 
Glide docking algorithm were conducted. The 
results of these in silico studies provided a prom-
ising pharmacokinetic profile and valuable in-
sights into the enzyme-inhibitor binding interac-
tions. 
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Cyclodextrins (CDs) are a family of cyclic oligo-
saccharides containing of α-D-glucose units via 
α-1,4-linked glucosidic bonds. They are known 
for their ability to encapsulate into their hydro-
phobic cavity via host/guest complexation a vari-
ety of compounds (1). Luteinizing-hormone-
releasing hormone (LHRH) is a linear decapep-
tide which is produced in the hypothalamus under 
the control of neurotransmitter type compounds 
(2) and it is the central regulator of the reproduc-
tive system. LHRH agonist analogues are widely 
used for the treatment of hormone depended 
cancer (3). However, their amino acid skeleton is 
sensitive to proteolysis and sensitivity is en-
hanced further by the fact that LHRH analogues 
have low intestinal absorption and bioavailability. 
Aiming the reduction of the proteolysis sensitivity, 
we carried out the synthesis of a cyclodex-
trin/LHRH analogue conjugate. The 3D structure 
of this conjugate was further studied via 2D NMR 
spectroscopy and the intramolecular interactions 

between the peptide and the cyclodextrin moiety 
were explored. As it was found, the cyclodextrin 
cavity encapsulates intramolecularly certain parts 
of the peptide (side chains of amino acids). 
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Hypericum perforatum is an indigenous plant of 
Greece with worldwide distribution. From antiq-
uity to today, the water-alcohol extracts of the 
herba are used to treat mental disorders such as 
anxiety and depression, whereas the Hypericum 
oily extract, for the healing of wounds, burns and 
ulcers. The oil is obtained by extraction of the 
herb within edible oil for weeks, thus imparting a 
deep red color. As there is no analytical method 
for the simultaneous determination of all main 
components of the oil, the aim of our work was to 
develop a new and simple method for quantitative 
isolation and simultaneous quantification of the 
predominant components of the oil. The isolation 
is carried out by adsorption chromatography on 
silica. Small amount of oil is added to adsorption 
material and eluted with chloroform to remove 

lipids and other lipophilic components, and then 
the components, that have been adsorbed on 
silica, are eluted with a solvent mixture of metha-
nol/water (1% acetic acid), 9/1 v/v. The eluate is 
concentrated to dryness and redissolved in a 
small volume of solvent to be analyzed. Analysis 
of oil components was performed by reversed 
phase liquid chromatography and mass spec-
trometry (HPLC-DAD and LC-MS). Main compo-
nents identified are phenolic acids (chlorogenic 
acid), flavonoids (quercetin, I3 II8-biapigenin) and 
the naphthodianthrone hypericin. The developed 
analytical method is suitable for application in 
quality control of Hypericum oil formulations com-
mercially available. 
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Angiotensin II receptor blockers is the newest 
class of approved antihypertensive agents. Can-
desartan cilexetil (TCV-116) is an angiotensin II 
receptor antagonist and a known prodrug against 
high blood pressure (hypertension). In this study, 
solid state NMR experiments were applied to 
explore the molecular basis of interactions of 
TCV-116 with lipid bilayers of dioleoyl phosphati-
dylcholine (DOPC) in the absence and presence 
of cholesterol. Cholesterol is an essential compo-
nent of cellular plasma membranes in higher or-
ganisms. It interacts with membrane phospholip-

ids and influences their physicochemical proper-
ties. The important membrane properties that are 
directly or indirectly influenced by membrane 
levels of cholesterol include solute permeability in 
bilayer membranes and phospholipid acyl chain 
mobility. The aim of this research work is to study 
the interactions of TCV-116 with lipid bilayers in 
the fluid phase in the absence and presence of 
cholesterol. The results will be compared with 
those obtained with other AT1 antagonists.   
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Primed T Cells with Low Dose of Human Recombi-
nant Interleukin-2 (hrIL2) Display Reduced Alloprolif-
erative Capacity in vitro 
Dimitra Kokkinou1, Georgia Oikonomopoulou1, Maria Liga1, Evi 
Traintafyllou1, John A. Barrett2, Alexandros Spyridonidis1 
1Bone Marrow Transplantation Unit and Laboratory, University Hospital Patras, Rio, GR-
26500, Patras, Hellas; 2National Institutes of Health, Washington DC, USA 

 
We have recently shown that prophylactic donor 
lymphocyte infusions (pDLI) in patients with high 
risk leukemia augments the graft-versus-leu-
kemia effect (GvL), however, they were associ-
ated with a relatively high incidence of GvHD. 
Strategies to preserve a beneficial GvL effect 
without GvHD are needed. IL2 plays dual role in 
immune responses, contributing to both the gen-
eration of effector T cells and the maintenance of 
regulatory T cells (Tregs). Recently, low dose IL2 
therapy has been advanced as a potential im-
mune modulator able to tweak the immune re-
sponse to aid transplant tolerance and to sup-
press GvHD. In the present study we aimed to 
investigate the impact of priming lymphocytes 
with IL2 on their proliferative responses to allo-
stimulation in vitro. Our results indicate that in 
vitro priming (p) of T cells with low (LD) and high 
(HD) doses of IL-2 reduces their alloproliferative 
capacity. However, LD p-T cells unlike HD p-T 

cells, displayed significant higher percentages of 
Tregs and a no-exhausted phenotype. In contrast 
to HD p-T cells, LD p-T cells presented pheno-
typic characteristics predictive of high capacity to 
persist, expand and function after adoptive cell 
transfer in vivo. In vitro priming of T-cells with LD-
IL-2 might prove an easy, cheap and GMP com-
patible strategy to minimize pDLI-GvHD.  
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The endocannabinoid system is involved in di-
verse processes such as control of appetite, per-
ception of pain, inflammation, neurodegenerative 
diseases, anxiety, cancer and cancer related 
symptoms. The serine hydrolase monoacylglyc-
erol lipase (MAGL) plays an important role linking 
the endocannabinoid and eicosanoid pathways 
together, by hydrolyzing and degrading 2-arachi-
donoylglycerol (2-AG), an important precursor for 
the synthesis of pro-inflammatory eicosanoids 
and by supplying free fatty acids for the produc-
tion of protumorigenic signaling lipids. As a result 
drugable selective inhibitors of MAGL are attrac-
tive pharmaceutical compounds. Based on recent 
studies in which new potent MAGL inhibitors 
have been developed (mainly benzotriazol-1-yl 
carboxamides and O-hexafluoroisopropyl car-
bamates) (1,2), we have generated a pharma-
cophore model  using LigandScout. The selected 
compounds have been subjected to a second 

selection using the docking program Glide to pri-
oritize the hits. The compounds with favored cal-
culated fit to both pharmacophore and protein 
structures were retained. The predicted binding 
modes were assessed by superimposition back 
onto the 3D pharmacophore. The promising com-
pounds will be evaluated biologically in order to 
justify the pharmacophore model. 

 
REFERENCES 

 
1. Chang J.W, Niphakis M.J., Lum K.M., Cognetta A.B., 
Wang C., Matthews M.L., Niessen S., Buczynski M.W., 
Parsons L.H., Cravatt B.F.: Highly selective inhibitors of 
monoacylglycerol lipase bearing a reactive group that is 
bioisosteric with endocannabinoid substrates. Chem. Biol. 
19: 579-588 (2012) 
2. Morera L., Labar G., Ortar G., Lambert D.M.: Develop-
ment and characterization of endocannabinoid hydrolases 
FAAH and MAGL inhibitors bearing a benzotriazol-1-yl 
carboxamide scaffold. Bioorg. Med. Chem. 20: 6260-6275 
(2012) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



86     REVIEW OF CLINICAL PHARMACOLOGY AND PHARMACOKINETICS, INTERNATIONAL EDITION   2013 

 

REVIEW CLINICAL PHARMACOLOGY AND   
PHARMACOKINETICS INTERNATIONAL 
EDITION 27: 86 (1013) 
PHARMAKON-Press 
 
 
 
 
 

 
Study of GAG-Collagen Interactions Using Micro-
Raman Spectroscopy 
Eleni Kamilari1, Christos Kontoyannis1,2, Fotini Lamari1 and Malvi-
na Orkoula1 
1Department of Pharmacy, University of Patras, GR-26500 Rio, Patras, Hellas 
2ICE/HT-FORTH, Patras, Hellas 

Key words: GAG-Collagen interactions, micro-Raman spectroscopy 

 
Collagen, the most abundant protein in mam-
malians tissues, is the major component of the 
extracellular matrix (ECM). In the ECM are also 
found proteoglycans consisted of glycosami-
noglycan (GAG) chains covalently linked to a 
protein core. The GAG chains are anionic linear 
polysaccharides containing repeating disaccha-
ride units of hexosamine and uronic acid. Both 
collagen and GAGs regulate a large number of 
cellular functions and many pathological condi-
tions have been linked to GAGs. In the present 
work, micro-Raman spectroscopy was employed 
for the exploration of possible interactions be-
tween different GAGs and different types of col-
lagen. Raman spectra of various mixtures of 

GAGs with collagen were acquired. Vibrational 
frequencies of the functional groups of both 
molecules were identified. The spectra of the 
GAG-collagen mixtures showed prominent fea-
tures in the regions 800-890 cm-1 (collagen prolix-
ne-hydroxyproline envelope), 920-980 cm-1 and 
1000-1150 cm-1 (sulfate group envelope). A 
stronger chemical preference of collagen type I to 
heparin and collagen type II to chondroitin sulfate 
was observed. 
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Inflammation on the arterial wall plays an impor-
tant role in all stages of atherosclerosis leading to 
diseases such as coronary artery disease, pe-
ripheral arterial disease and carotid atherosclero-
sis (1,2). Although, the exact pathway has yet to 
be clarified, the secretory phospholipase sPLA2 
GIIA promotes inflammation contributing to ara-
chidonic acid metabolism. It is only recently that 
sPLA2 GIIA has been identified as a bifunctional 
enzyme which can act either via catalysis-
dependent mechanism producing arachidonic 
acid or indirectly contributing in the intracellular 
production of eicosanoids (3). The selective inhi-
bition of group IIA towards the rest secretory 
phospholipase subgroups (I, III, V, IX, X, XI, XII, 
XIII and XIV) is of a great interest as a pharma-
cological target against inflammatory disease (4).    
Kokotos and co-workers have developed a novel 
class of inhibitors based on long chain 2-
oxoamide derivatives of α-amino acids (Figure 1). 
Most recently, in vitro experiments of GK241 in-
hibitor (Figure 2) revealed improved IC50 record 
comparing to past results of other 2-oxoamide 
derivatives. Molecular Dynamics calculations 
(Amber) further improve our understanding of the 
key interactions between the GK241 inhibitor and 
the binding site of the enzyme while theoretical 
calculations of its metabolic properties are carried 
out using the MetaSite software. In addition, in 
silico fragment-based drug design (5) procedure 
was followed for 40 compounds retrieved from 

the database DrugBank.ca allowing us to investi-
gate new possible interactions between subfold-
ers of the active site and these compounds. The 
above in silico calculations may lead us to modify 
the GK241 structure and potentially achieve a 
better binding motif.  
 
 
 
 
Figure 1. 2-oxoamides derivatives based on (S)-amino 
acids. R=side chain of the corresponding amino acid. 
 

 
 
Figure 2. The binding mode of GK241 in the sPLA2 GIIA 
active site calculated using GOLD 5.1. 
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Oxidative stress is a situation when the cells are 
characterized by an overcome of the antioxidant 
defense by oxidative attacks, which leads to the 
appearance of free radicals, that cause damages 
to the bio (macro) molecules of the cell (lipids, 
nucleic acids, proteins). Oxidative stress is in-
volved in the mechanisms of both physiological 
(differentiation, aging) and pathological conditions 
(neurodegenerative diseases). Our research con-
cerns the development of two novel methodolo-
gies for the quantification of carbonyl groups in 
proteins. Carbonyl groups are created in the 
amino acids of proteins, following the exposure of 
cells/organisms under high oxidative stress con-
ditions. Therefore, protein carbonyls and espe-
cially their precise quantification is an important 
indicator of oxidative damage in organisms. The 
existing photometric method, based on the reac-
tion of carbonyl groups with the reagent 2,4,-
dinitrophenylhydrazine (DNPH) presents several 
disadvantages. The main disadvantages are: (1) 
the non-photometric variation of the resulting 
hydrazone from the free DNPH reagent, coupled 
with its isolation via protein precipitation and in-
sufficient washing of the protein precipitate to 

remove non-specifically bound DNPH to the pro-
tein, and (2) the hydrolysis of the hydrazone bond 
at acidic pH. Therefore, the typical biochemical 
DNPH-based-method as well as another similar 
method based on the fluorescent hydrazine re-
agent, fluorescein 5-thiosemicar-bazide (FTC), 
cannot be used accurately. The novel fluorimetric 
method proposed overcomes the disadvantages 
of the classical method and gives us a more reli-
able methodology. The assay is based on a new 
reagent, Rhodamine B Hydrazine (RBH), which 
overcomes all the aforementioned disadvantages 
of the previous methods and further results in 
higher sensitivity (detection of less amount of 
protein). Thus, the accurate quantification of pro-
tein carbonyl groups with RBH is now possible in 
a short time and gives us an estimate of the oxi-
dative damage in any biological sample. The 
practical importance of the results of this study is 
its application to a variety of biological tissues 
(mussel and mouse organs, human blood and 
plasma, plant tissues) as an indicator of oxidative 
stress assessment. 
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